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Background: Sexual behaviors have been linked to seropos-
itivity for human papillomavirus (HPV) but not with the mag-
nitude of the seroreactivity.

Goals: The objective of this analysis was to examine the
association of sexual behavior, cervical HPV 16 DNA positivity
at enrollment (past) and at diagnosis (current), and other
potential determinants with the likelihood and magnitude of
HPV 16 seropositivity at diagnosis.

Study Design: With use of stored specimens from an inci-
dence case—control study at Kaiser Permanente (Portland,
OR), women were tested for seroreactivity to HPV 16 by
enzyme-linked immunosorbent assay with virus-like particles
at diagnosis and were tested for past and concurrent cervical
HPV 16 DNA positivity with MY09/MY11l L1 consensus
primer PCR. Questionnaire data were used to ascertain past
sexual behavior.

Results: Increased lifetime number of sex partners Prong
< 0.001), past HPV 16 DNA positivity (odds ratio= 6.9; 95%
confidence interval= 1.5-31), and a current cytologic diagno-
SiS Prreng < 0.03) were independently associated with HPV 16
seropositivity. Among the seropositive, only lifetime number of
sex partners Preng < 0.001) and past HPV 16 DNA positivity
(P = 0.003) were independently associated with mean signal
strength (optical density) in an age-adjusted analysis. Women
negative for past and concurrent HPV 16 DNA had a signifi-
cant trend of increasing optical densities associated with
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greater numbers of lifetime partners (Preng < 0.001). Con
versely, the mean signal strength for those women who were
ever HPV 16 DNA—positive during the study did not depend on
lifetime numbers of sex partners Preng = 0.36).

Conclusions: HPV 16 seropositivity is a surrogate for past
HPV 16 infection. Circulating levels of antibodies to HPV 16
may reflect recent HPV 16 infection or the frequency of past
HPV 16 infection.

INFECTIONS WITH cancer-associated (oncogenic) human
papillomaviruses (HPVs) are recognized as the primary
cause of cervical cancér3 However, despite the essential
role of HPV in carcinogenesis, relatively few HPV infec-
tions cause cervical cancer, precancerous lesions, cytologic
high-grade squamous intraepithelial lesions, or underlying
histologic cervical intraepithelial neoplasia (grade 2 or 3).
For those investigating cervical cancer etiology, accurate
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cating that HPV seropositivity most probably represents
past infection with HP\2, However, there is less informa-
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tion concerning the relationship of seropositivity to fre-
quency of exposure (i.e., frequency of sexua intercourse),
the timing of infection (i.e., time between DNA positivity
and seropositivity), and the duration of infection (i.e., per-
sistence of infection). Furthermore, there is little informa-
tion about the determinants of the strength of seroreactivity.
Herein we investigate these relationships in a subset of
women who were previously tested for HPV seropositivity
and for cervical HPV DNA.5

Materials and Methods

The study population was a subset of women evaluated in
a nested case—control study of HPV 16-like particle sero-
reactivity and incident cervical neoplasia.4#58 Blood speci-
mens were taken at the time of cytologic diagnosis of the
cases and at amatched time for controls. The results of HPV
DNA tests were available both at diagnosis and earlier
(from the time of enrollment of the entire cohort).1011 HPV
serology and HPV DNA testing were performed with mask-
ing of case—control status. In this study, 447 women with
valid serological results and with at least one valid HPV
DNA test were included. Most had avalid cytologic assess-
ment (n = 440), valid HPV DNA polymerase chain reaction
testing at diagnosis (n = 426), and valid HPV DNA poly-
merase chain reaction testing at enrollment (n = 431). This
subset included 18 women with incident high-grade squa-
mous intraepithelial lesions and 72 with low-grade squa-
mous intraepithelial lesions. The remaining subjects either
had incident benign cytologic changes or were cytologically
normal controls (approximately 3 controls were matched to
each case by age, follow-up time, enrollment cytologic
diagnosis, enrollment clinic, and participation status). Par-
ticipants were observed for an average of 645 days (range,
278-1446 days); there was no difference in the average or
range of follow-up time for each cytologic diagnosis.

A complete description of the pathology review has been
published previously.#+10.11 pPotentially eligible subjects had
al cervical smears and histopathologic dlides, including
pre-enroliment cervical smears, retrieved from the Kaiser
Permanente archives for review. Smears were rescreened by
a senior cytotechnologist. Final case definitions were deter-
mined by a pathology panel review of all smears and his-
topathologic specimens.

Serological testing was performed as previousy de-
scribed.458 For this study, we restricted our analysisto HPV
16 seroreactivity because of the smaller number of women
who were DNA-positive for the other HPV types. Serore-
activity to HPV 16 at the time of diagnosis was tested by
enzyme-linked immunosorbent assays with use of HPV 16
L1-ike particles.® Each serum sample was tested in qua-
druplicate and then averaged to determine the mean signal
intensity (optical density [OD]) for each specimen. The
mean coefficient of variability was 19%.5 The cutpoint for
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HPV 16 seropositivity was set a 2.5 SD greater than the
combined mean OD from a subset of (low-risk) women who
were the least likely to have had a previous genital HPV
infection (cutpoint OD = 0.235). ODs were adjusted be-
tween batches with use of a correction factor based on the
mean OD of a reference serum tested in each batch.

Both at enrollment and at diagnosis, cervicovagina la-
vage specimens were collected for HPV DNA testing. All
specimens were tested by MY 09/11 consensus primer poly-
merase chain reaction, combined with hybridization with
use of type-specific oligonucleotide probes.1213 For clarity,
detection of HPV 16 DNA at enrollment was defined as past
HPV 16 DNA positivity (relative to diagnosis), whereas
detection of HPV 16 DNA at diagnosis was defined as
current HPV 16 DNA positivity.

Data were first analyzed by standard contingency table
methods and stratified analyses to test the associations of
sociodemographic, sexual, reproductive, smoking, and en-
rollment (e.g., past HPV DNA status) variables with current
HPV 16 seroreactivity. To estimate relative risks, odds
ratios and corresponding 95% Cl s were cal culated by means
of unconditional logistic regression.

Analysis of variance was used to explore the relationships
of covariates with the strength of seroreactivity, represented
by the OD value, in the seropositive. Adjusted means were
calculated with use of the Ismeans function of SAS software
(SAS Ingtitute, Cary, NC). Despite use of a Boxcox trans-
formation for normalization,*4 OD values for HPV 16 se-
ropositivity remained nonnormal, primarily because of de-
viations from linearity at the extremes on a Q-Q plot. Thus,
nonparametric methods were used to confirm the validity of
estimates from parametric methods. First, standard contin-
gency tables were used to assess crude associations of
covariates with the magnitude of seroreactivity, categorized
according to quartile cuts. Those covariates found to be
univariately associated with the magnitude were tested for
significance by systematic addition of covariates into a
regression model. The significant determinants were then
added to an analysis of variance model; stratified analysis of
a confounding variable was also used to isolate the effects
of a covariate on the mean OD. Interactions between co-
variates were also tested for significance by means of anal-
ysis of variance. To test the statistical significance of dose—
response (trend) relationships between covariates and
seroreactivity, multilevel covariates were treated as contin-
uous in a regression model and tested for whether the
resultant B coefficient was nonzero. Finally, a nonparamet-
ric trend test's was performed on untransformed ODs for
HPV 16 seropositivity.

Results

Increased lifetime and recent numbers (between enroll-
ment and diagnosis) of sex partners, a history of genital
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TABLE 1. Unconditional Logistic Regression Models for Human Papillomavirus Type 16 (HPV 16) Seropositivity

Seropositivity (n = 447)

Univariate Adjusted* Adjusted’
Variable N OR 95% Cl OR 95% Cl OR 95% Cl
Lifetime male sex partners, no.
1 158 1 1 1
2 33 3.2 1.5-6.9 2.2 0.97-5.0 2.0 0.88-4.7
3-5 118 5.2 3.1-8.8 3.9 2.2-6.7 4.0 2.3-7.2
6-9 62 6.5 3.4-13 5.3 2.6-11 5.1 2.4-10.5
=10 71 6.8 3.7-13 54 2.8-10 5.0 1.8-9.7
Prrend < 0.001 < 0.001 < 0.001
Recent male sex partners,* no.
Oor1 353 1 NS NS
2 44 5.0 2.2-11
=3 44 2.2 1.1-4.2
Prrend < 0.001
History of genital warts
No 404 1 NS NS
Yes 43 3.7 1.7-8
Age (y)
<20 59 1 NS NS
20-24 128 1.4 0.76-2.6
25-34 144 1.1 0.57-1.9
35-49 85 1.1 0.56-2.1
=50 30 0.48 0.19-1.2
Prrona 0.13
Cytologic diagnosis
Normal 350 1 1 1
LSIL 72 25 1.4-4.2 1.4 0.76-2.6 1.4 0.76-2.7
HSIL 18 18 2.4-140 8.4 1.1-67 7.3 0.90-60
Prrend < 0.001 0.03 0.05
Past HPV 16 DNA status
Negative 404 1 1 1
Positive 27 13 3.0-54 6.9 1.5-31 14 1.8-120
Current HPV 16 DNA status
Negative 386 1 1
Positive 40 4.0 1.8-8.8 0.90 0.35-2.3
Time (d) to diagnosis®
=480 148 1 NS NS
481-740 150 0.70 0.44-1.1
=740 149 0.77 0.49-1.2
Prrena 0.27

*Adjusted for lifetime number of sex partners, past HPV 16 DNA positivity, and cytologic diagnosis.

TAdjusted for current HPV 16 DNA positivity, in addition to lifetime number of sex partners, past HPV 16 DNA positivity, and cytologic diagnosis.
*No. of male sex partners between the time of enroliment and diagnosis.

STime between enroliment and diagnosis.

HSIL and LSIL = high- and low-grade squamous intraepithelial lesions; NS = not significant when added to the multivariate model; OR = odds
ratio.

warts, more severe cytologic diagnoses, and past and cur- = 1.5-31) remained associated with seropositivity. The

rent HPV 16 DNA positivity (at baseline and at diagnosis)
were associated with increased likelihood of current HPV
16 seropositivity (Table 1). Sociodemographic covariates
(age and income), reproductive covariates (pregnancy and
age at first menstrual cycle), other sexual behavior covari-
ates (recent frequency of sexual intercourse and age at first
intercourse), smoking, and time between enrollment and
diagnosis were not associated with seropositivity. In a mul-
tivariate model, only lifetime number of sex partners (Preng
< 0.001), severity of cytologic diagnosis (Pyyeng = 0.03),
and past HPV 16 DNA positivity (odds ratio = 6.9; 95% ClI

univariate association between number of recent sex part-
ners and seropositivity was explained by the strong corre-
lation between the number of recent sex partners and the
number of lifetime sex partners (P < 0.001). In amodel that
included both past HPV DNA positivity and current HPV
DNA positivity, the association of seropositivity and past
DNA positivity was strengthened, whereas the association
of seropositivity and current DNA positivity (odds ratio =
0.90; 95% Cl = 0.35-2.3) was null (Table 1).

Increased lifetime and recent number of sex partners, age,
more severe cytologic diagnoses, and past and current HPV
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TABLE 2. Unadjusted and Adjusted Means of Signal Strength (OD) for Human Papillomavirus Type 16 (HPV 16) Seroreactivity Among

Seropositive Women

Signal Strength (OD) (n = 213)

Unadjusted Adjusted* Adjusted’
Variable Mean P Mean P Mean P
Overall mean 0.303
Lifetime male sex partners, no.
1 0.089 0.147 0.172
2 0.241 0.253 0.270
3-5 0.346 0.412 0.415
6-9 0.409 0.493 0.549
=10 0.451 < 0.001 0.526 < 0.001 0.558 < 0.001
Prrend < 0.001 < 0.001 < 0.001
Recent male sex partners,* no.
Oor1 0.274 NS NS
2 0.314
=3 0.484 0.03
Prrend 0.009
History of genital warts
No 0.293 NS NS
Yes 0.368 0.26
Age (y)
<20 0.293 NS NS
20-24 0.408
25-34 0.284
35-49 0.253
=50 0.107 0.01
Prrona 0.01
Cytologic diagnosis
Normal 0.269 NS NS
LSIL 0.374
HSIL 0.439 0.06
PTrend 002
Past HPV 16 DNA status
Negative 0.275 0.246 0.279
Positive 0.615 < 0.001 0.465 0.003 0.482 0.03
Current HPV 16 DNA status
Negative 0.259 0.314
Positive 0.597 < 0.001 0.435 0.13
Time (d) to diagnosis®
=480 0.297 NS NS
481-740 0.299
=740 0.314 0.95
Prron 0.76

*Adjusted for lifetime number of sex partners, past HPV 16 DNA positivity, and age.

TAdjusted for current HPV 16 DNA positivity, in addition to lifetime number of sex partners, past HPV 16 DNA positivity, and age.
*No. of male sex partners between the time of enroliment and diagnosis.

STime between enroliment and diagnosis.

HSIL and LSIL = high- and low-grade squamous intraepithelial lesions; NS = not significant when added to the multivariate model.

16 DNA positivity were associated with increased mean
signal strength (OD) in univariate analyses (Table 2). Other
covariates were not associated with OD. In an age-adjusted
multivariate model, only lifetime number of sex partners
(Prreng < 0.001) and past HPV 16 DNA positivity (P =
0.003) remained associated with mean signal strength. The
association of current HPV 16 DNA positivity and seropos-
itivity was nonsignificant in the fully adjusted model (P =
0.13).

Among those who were past and current HPV 16 DNA—
negative, greater numbers of lifetime sex partners was as-

sociated with not only an increased odds ratio of HPV 16
seropositivity (Prreng < 0.001) but also an increased mean
signal strength (Prenq < 0.001; data not shown). Con-
versely, among those who were past or current (ever) HPV
16 DNA—positive, greater numbers of lifetime sex partners
were not associated with an increased odds ratio of HPV 16
seropositivity (Prreng = 0.91) or with an increased mean
signal strength (Prenq = 0.36; data not shown). When a
nonparametric trend test was used on untransformed ODs,
the trend of greater numbers of lifetime partners and mean
ODs was significant among the HPV DNA-negative
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Fig. 1. Box-and-whiskers plot of untransformed optical density
(OD) for human papillomavirus type 16 (HPV 16) seroreactivity
among seropositive women, versus lifetime number of sex partners,
stratified by HPV 16 DNA status (at enrollment or at diagnosis). The
nonparametric trend test'® among HPV 16 DNA-negative women (A)
was significant (P < 0.001), and among HPV 16 DNA-positive
women (B) it was nonsignificant (P = 0.059).

women (Preng < 0.001) and nonsignificant among those
ever positive for HPV 16 DNA (Py,eq = 0.06; Figure 1).
Although the overall interaction term between number of
lifetime partners and past HPV 16 DNA positivity was not
statistically significant, the individua interaction termsfor 3
to 5 men (P = 0.04) and 6 to 9 men (P = 0.04) were
statistically significant.

Discussion

HPV 16 seropositivity appearsto be linked primarily with
past exposure to or infection with HPV 16, as measured
directly by past HPV 16 DNA positivity or indirectly by
number of lifetime partners. Note that when added into a
multivariate model, current HPV 16 DNA was not associ-
ated with seropositivity, whereas the association of past
DNA positivity was apparently strengthened. This finding
suggests that distant infections are more closely linked to
current seropositivity and is consistent with the strong as-
sociation of seroconversion and high-grade squamous intra-
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epithelial lesions, which in this cohort'* and another co-
hort1¢ tended to be diagnosed an average of approximately
4 years after the initial HPV infection. In addition, lifetime
number of partners appeared to explain the univariate asso-
ciation of recent partners with seropositivity.

The trend of increasing (adjusted) mean signal strength, as
mesasured by OD, with increasing number of lifetime partners
may suggest that women with more sex partners in their
lifetimes have higher titers of HPV antibodies than do women
with fewer partners. The increased signd strength in women
with greater numbers of sex partners was also observed for
HPV 18, 31, and 45 seropositivity, albeit less robustly than for
HPV 16 (datanot shown). Thisfinding persisted in the absence
of detectable HPV 16 DNA, which was aso shown to be a
determinant of OD. Furthermore, this association could not be
explained by increased positivity for all serotypes as the result
of increased number of lifetime partners; a recent report sug-
gests there is little or no cross-reectivity between serotypes
when tested with L1 viruslike particles.t?

There was no link between recent frequency of sexual
intercourse and mean OD. Furthermore, there were some
near-significant differences in the mean OD by cytologic
diagnosisfor HPV 16 seropositivity but not for HPV 18, 31,
and 45 seropositivity (data not shown). These findings hint
at an unresolved relationship among enhanced humoral
response due to repeated infection, the timing of the infec-
tion, the HPV type, the level of immunity at the time of
infection, and whether an infection needs to be established
to congtitute a sufficiently large viral load to trigger an
immune response. Prospective studies may be able to ad-
dress these questions.

There are limitations to this study. First, athough the
overall size of the study was not small, the subgroups were.
Second, we lacked questionnaire data on male partners
sexual behavior. Since men are vectors for transmission,
their sexual behavior will impact on the timing and dose of
their female partners’ exposuresto HPV. The natural history
of HPV infection in men, i.e., when the vira load is the
greatest, when they are most contagious, and how long the
infection is maintained, is not well understood. Third, we
did not have a serum specimen from the time of enrollment.
Seropositivity at enrollment would have permitted a com-
parison of past seroreactivity with present seroreactivity and
number of recent partners. Fourth, we have no data to
correlate OD values with specific antibody concentrations.
Finally, immunologic data on cervical secretions were not
collected. The local immunity of the cervix is part of a
separate immune network (common mucosal immune sys-
tem) that is at least somewhat independent of the systemic
immune system.!®8 Thus, immune response to HPV at the
cervix may differ from the systemic response, and the
threshold viral dose for alocal and systemic immune boost
may differ. We have begun to investigate determinants of
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local immunity,*® and future studies will evaluate the rela
tionship of local immunity and sexua behavior.

Despite the limitations of this study, the evidence pre-
sented is consistent with the view that DNA positivity
indicates current infection and seropositivity indicates past
and ongoing infection.® In a recent study assessing serocon-
version of incident HPV infections, HPV 16 and HPV 18
seroconversions typically occurred between 6 and 12
months after DNA positivity, whereas HPV 6 (a nononco-
genic type) seroconversion was more likely to be concurrent
with DNA positivity.2°

In cross-sectional studies of cervical cancer, it may still
prove useful to examine seropositive (for an oncogenic
type), HPV DNA—negative, cytologically normal women as
controls for assessment of HPV cofactors. These women
were at risk of disease because they were infected by HPV
in the past (indirectly assessed by seropositive status), but
the infection was cleared or suppressed before devel opment
of high-grade sgquamous intraepithelial lesions. However, it
was recently observed that only a fraction of women with
high-grade lesions were HPV-seropositive,2t suggesting
that the current serologic methods are still insensitive for
detection of all HPV-associated disease.

The association of greater signal intensity with greater life-
time number of male sex partners, if real, may reflect recent
HPV 16 infections and frequency of past HPV 16 infections.
Indeed, women with more lifetime sex partners were more
likely to have greater numbers of recent partners and thus are
probably more likely to have been recently infected with HPV
16 at any point in time because of the greater frequency of
infection. Greater signal intensity may be a surrogate or index
of lifetime number of infections/exposures. This finding may
have important implications with regard to antibody titers in
women participating in HPV 16 vaccine trials, subsequent
HPV 16 infections could theoretically increase and prolong
immunity from vaccination. However, an aternative interpre-
tation is that, despite the presence of antibodies to HPV as the
result of multiple infections, women can still acquire an HPV
infection that subsequently causes an additional boost to anti-
body titers. It is noteworthy that serum titers of antibody to
HPV 16 in women participating in trials of avaccinewith HPV
16 virus-like particles are sgnificantly greater than titers re-
sulting from natural infection.2? It remains to be determined
whether antibodies to HPV in cervica secretions at any con-
centration are prophylactic against the sexual transmission of
HPV.
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